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1 INTRODUCTION  
United Nations Human Settlements Programme (UN-HABITAT) (2010) reported the emergen-
cy of Municipal solid waste (MSW) amongst the most urgent and serious challenge facing urban 
municipalities and local authorities in nations with transitional and developing economies. With 
global MSW generation projecting 2.2 billion tonnes per annum in six years’ time from now 
(Hoornweg and Bhada-Tata, 2012), the enormity of the challenges is expected to rise.  The pro-
vision of sustainable and integrated MSW management is hinged on MSW collection and trans-
portation bringing in high costs consuming between 20 and 50% of municipal budgets (Un-
Habitat, 2010) and operational problems that are highly complex and dynamic.  The separation 
of waste at source is done subjectively by individuals sorting MSW where it is generated into 
defined types and placing them in different receptacles pending collection (Rousta et al., 2015) 
for reusing, recycling and environmental and economic burdens reduction to the MSW man-
agement system. Source separation positively contributes to the effectiveness of MSW man-
agement systems resulting from the significant changes it renders on quantity and quality of 
MSW at final management, treatment and disposal facilities (Hoornweg and Bhada-Tata, 2012).  
Source separation of MSW leads to increased recyclable and reusable waste collection (Boonrod 
et al., 2015) and consequently reduced volume and weight of MSW landfilled. In addition, it 
can lead to the recovery of substantial amount of MSW landfilled as energy and biofertiliser. 
 Source separation has been applied broadly in developed nations for sustainable MSW man-
agement purposes (Rousta et al., 2015, Tai et al., 2011).  Tai et al (2011) noted that source sepa-
ration in developing countries has been applied as a component of integrated MSW manage-
ment system for pilot scale MSW source separation projects. Factors exist that leads to the low 
intake of source separation of MSW and volumes of sorted MSW in developing countries such 
as the unavailability of markets for reusables, recyclables and biodegradables. Hoornweg and 
Bhada-Tata (2012) and Boonrod et al (2015) cited the lack of public participation and their 
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ABSTRACT: Source separation of municipal solid waste (MSW) is an integral part of sustaina-
ble and integrated MSW management.  In Zimbabwe, the national solid waste management plan 
of 2014 provide for source separation under goal 2 and public education for awareness raising 
on the importance of source separation under goal 7. This provides the necessary commitment 
and necessity for source separation at national level. This study reviewed the available opportu-
nities and limitations for MSW source separation in Harare. Such opportunities for source sepa-
ration that exists include the availability of a national plan, MSW composition which eases 
source separation of organics to either anaerobic digestion or composting, recyclables and non-
recyclables of a low heating value amenable to incineration with energy recovery. However, 
limitations with regards to enabling legislation, municipal capacity to spearhead source separa-
tion in light of their failure to provide MSW receptacles to over 75% of households, equipment 
and technical expertise exist. 
knowledge on the importance of source separation of MSW. Sukholthaman et al (Sukholthaman 
et al., 2017) cited the absence of updated laws, policies and regulations together with the una-
vailability of amenable facilities and infrastructures. Sustainable and successful MSW source 
separation implementation eases all the other post source separation processes namely collection 
and transportation, treatment and final disposal and requires sustainable public participation 
(Dhokhikah et al., 2015). Public participation in MSW separation is however dependent on hu-
man behavior and attitudes characterised by mixed feelings or contradictory ideas towards 
MSW management. The Government of Zimbabwe (GoZ) (2014) thus has developed a national 
integrated solid waste management pan whose seventh goal seeks to educate and raise aware-
ness in all citizens of Zimbabwe to better understand and participate in source separation; re-
source recovery and conversion; and integrated and sustainable solid waste management. The 
overwhelming desire to increase correctly source separated MSW fractions (recyclable, reusable 
and biodegradable) requires the understanding of the factors that affect their quality and quanti-
ty at generation source together with the opportunities available for ease implementation of 
source separation. Goal 2 of the same plan seeks to separate solid waste at source through the 
establishment of appropriate systems for solid waste separation at source namely households, 
commerce, industries, schools, office blocks, hospital and service providers establishments. 
Therefore, this study seeks to identify the available opportunities and limitations for MSW 
source separation in Harare to inform recommendations for possible interventions towards an 
enabling environment for source separation. 
2 MUNICIPAL SOLID WASTE MANAGEMENT IN HARARE 
The Capital City of Zimbabwe, Harare surrounded by urban and peri urban areas of Chi-
tungwiza, Epworth, Norton and Ruwa with an estimated total population of 2,133.802 people 
(Zimstat, 2013). Historically Harare was largely designed to be the country’s commercial and 
administrative city with traces of industrial activity which attracted people to migrate and stay in 
Harare in search of a living. Respective Waste Management Departments of the Harare Munici-
pality, Chitungwiza town council, Ruwa, Epworth and Norton local boards are responsible for 
MSW management as provided under the Zimbabwean laws namely the Urban Councils Act 
[Chapter 29:15], Environmental Management Act [Chapter 20:27], Rural District Councils Act 
[Chapter 29:13], Hazardous Waste Management Regulations SI 10, 2007, Effluent and Solid 
Waste Disposal Regulations SI 6, 2007 and the local authorities’ by-laws. MSW generation for 
Harare City, Chitungwiza and Epworth with a combined population of 2,009,533 is estimated at 
421,757 tons per annum whose composition is shown in Figure 1 (Makarichi et al., 2019). In 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Composition of MSW in Harare (Makarichi et al., 2019) 
 
2013 Harare City alone was reported to have an annual MSW throughput of 371,697 tons 
(Tirivanhu and Feresu, 2013).   
 Single stream indiscriminate collection of MSW is being practiced once per week for a given 
weekday for a particular residential area. However, it is not always the case that MSW is  
collected once a week and on the given day of the week as variations occur and sometimes no 
collection is done for weeks evidenced by the Environmental Management Agency (EMA) 
(2016) report that MSW collection fell from 52% in 2011 to 48.7% in 2016. Therefor over 50% 
of the MSW generated remains uncollected and dumped indiscriminately in undesignated areas 
with  28%, 11%, 6% and 3% reportedly buried, burnt, illegally dumped and separated respec-
tively (EMA, 2016).  This has been pointed as a source of water pollution and cause of perenni-
al outbreaks of Cholera and Typhoid (Nhapi, 2009). Uncollected MSW loads surface runoff 
with nutrients contributing to the eutrophication of the potable water source for Harare, Lake 
Chivero (Magadza, 2003).  
 The MSW officially being collected is indiscriminately dumped at poorly managed official 
dumpsites without impermeable lining to prevent leachate infiltration into groundwater. These 
dumpsites have reached their capacity limits with Pomona having been operational since 1985. 
Unexpectedly higher concentration of nitrates, coliforms, cadmium, iron and lead than the 
World Health Organisation acceptable potable water quality standards in the groundwater in 
surbubs surrounding two of the dumpsites, Pomona and Golden Quarry were observed render-
ing the groundwater unfit for potable and other domestic uses (Love et al., 2006). In light of the 
impacts the current MSW management system has on water resources and the environment, the 
exhaustion of the capacity of the official dumpsites and the pronouncement of the national inte-
grated solid waste management plan, there is need to redesign and define future sustainable and 
integrated MSW management systems for Harare city and its surrounding urban and peri urban 
environments.  Source separation of MSW is an integral and initial step after MSW generation 
for successful implementation of sustainable integrated MSW management (Reduce, Reuse and 
Recyle) system hence the need to identify its opportunities and limitations in Harare. 
3 OPPORTUNITIES AND LIMITATIONS FOR SOURCE SEPARATION  
Goal 2 of the national integrated solid waste management plan (GoZ, 2014) that was pro-
nounced in July of 2014 provides for waste separation at source and goal 7 provides for public 
education for awareness raising on the importance of source separation of waste. This is a wel-
come development as it shows commitment at the national level on the need for source separa-
tion of waste and in that regard the plan is a springboard from which urban local authorities 
should develop their sustainable and integrated MSW management systems. However there 
hasn’t been any movement five years after the pronouncement of the plan.  
 The composition of MSW generated in Harare and its surrounding urban environments 
shown in Figure 1 is ideal for source separation.  Food waste and yard waste constitutes 46% 
generated at households, restaurants, food outlets and supermarkets followed by recyclables 
(paper, plastic, metals, rubber, sanitary etc) generated at institutions and households constituting 
between 30 – 35% which makes the source separation of the MSW management system rela-
tively uncomplicated and easier to implement. There is need to take advantage of the literacy 
rate amongst the citizens which eases their better understanding and appreciation on the need for 
MSW source separation towards the development and implementation of sustainable integrated 
MSW management system which will address some of the human health, potable water supply 
and environmental challenges currently prevailing.  
 The high food and yard waste content is an indication for the potential of biodegradable waste 
anaerobic digestion (AD) and or composting. Composting and AD have largely been identified 
to be viable and sustainable alternative biodegradable waste management and treatment meth-
ods in the face of increasing global concern to biodegradable waste landfilling (Mendes et al., 
2003). Both composting and AD of biodegradable waste lead to reduced GHG emissions and 
amount (weight and volume) of MSW landfilled thereby addressing the concerns associated 
with biodegradable waste landfilling. The compost from biodegradable MSW composting and 
digestate from the AD of biodegradable MSW are potential sources of biofertilisers which could 
possibly play a significant role in the Zimbabwean agricultural sector considering the agro 
based state of the Zimbabwean economy. However, AD is preferable over composting due to its 
renewable energy (biogas) production capacity. The biogas can produce electricity which could 
be used in water and wastewater treatment plants, residential areas and if excess sold to the na-
tional grid for other users. However the Zimbabwe integrated municipal solid waste manage-
ment plan (GoZ, 2014) is silent with regards  to the anaerobic digestion of biodegradable MSW 
only mentioning composting under goal 3 of the plan. In addition there are no biodegradable 
waste specific classifications, collection and treatment systems that have been established in Ha-
rare and Zimbabwe at large. The absence of AD options for the over 38% food waste (atleast 
160,000 tons per annum) generated in Harare is a lost opportunities for renewable energy and 
biofertiliser production capable of stimulating local and national economic growth considering 
the AD associated benefits being derived in developed countries. The Linköping municipality in 
Sweden’s AD system produces an upgraded biogas (reported by Svenselius (2018) in 2017 to 
have produced 120 GWh of energy equal to energy derived from 13 million litres of petrol) that 
fuels the entire transport system (International Energy Agency (IEA)) and a biofertiliser used in 
the agricultural sector. The Biffa’s  Poplars AD facility in Staffordshire in the United Kingdom 
treats 120,000 tons per annum of source separated food waste and other biodegradables to pro-
duce 6,000 kW of electricity adequate to power 15,000 homes. This calls for the need for biode-
gradable waste management directives and legislation to be enacted.   
 Findings from a life cycle impact assessment of various MSW management systems revealed 
that the best MSW management option with the least impacts on human health, acidification, 
eutrophication and global warming potential is a combination of anaerobic digestion of biode-
gradable MSW fraction with energy recovery, recovery of recyclables and incineration of the 
non-recyclables with energy recovery, treatment of flue gas and bottom ash (Nhubu et al., 
2018). Such a MSW management system entails a robust MSW separation system with a source 
separation system being ideal. Makarichi et al (2019) observed that MSW generated in Harare is 
ideal for incineration with a reported low heating value (LHV) of 10100 kJ/kg from direct 
measurements and 9320 kJ/kg  from the use of empirical formulae estimation giving a potential 
energy supply equivalent of 3.2% of energy currently being consumed in residential areas and 
6.4% with regard to commercial and service areas. The LHV for MSW generated in Harare ob-
served by Makarichi et al (2019) satisfies the suggestion by Zerbock (2003) that for incineration 
with energy recovery, the LHV must average a minimum of 7000 kJ/kg. Therefore, considering 
that low LHV in MSW emanates from moisture and food waste constituents leading to incinera-
tion difficulties (unsteady, unstable and incomplete combustion and increased air pollutant for-
mation) source separation of food waste becomes paramount. For waste generated in Harare the 
source separation of biodegradable waste is expected to increase the LHV of MSW fraction sent 
to incineration possibly increasing the incineration efficiency and energy recovery per mass of 
MSW.  
 Sustainable integrated MSW management requires reliable and accurate data on per capita 
generation of recyclable, reusable and biodegradable MSW fractions. Source separation of 
MSW can be an avenue towards the establishment of a reliable inventory in this regard. The en-
actment of legislation that makes source separation mandatory need to be pursued with a view 
of enforcing residents to change their behavior and attitudes towards waste separation. This 
could possibly  bringing about increased willingness to separate considering the national separa-
tion level of 3% reported by EMA (2016). The legislation however needs to be complimented 
with awareness raising and capacity building on the importance of source separation. An oppor-
tunity in this regard is that at a national level there is commitment to educate the citizens as pro-
vided for under Goal 7 of the  national integrated municipal solid waste management plan (GoZ, 
2014). 
 Most urban local authorities by-laws provide for the provision of residents with council ap-
proved MSW receptacles. This is not being practiced as a mere 23% of the households surveyed 
by EMA (2016) had appropriate and approved metal and plastic bins. Source separation requires 
the provision of MSW receptacles for each sorted waste types. It is quite evident that the urban 
local authorities might lack the capacity to provide the bins for source separation considering 
their current failure to provide just one simple bin to households. This could be an opportunity 
for business and private sector to chip in with the production of durable bins that are affordable.  
4 CONCLUSION 
The development of sustainable integrated MSW management systems and its successful im-
plementation requires a robust MSW source separation system to be in place. In Zimbabwe and 
Harare in particular, the development and implementation of a sustainable MSW management 
system has become an urgent issue considering the potable water, human health and environ-
mental challenges currently prevailing. This therefore entails the need for MSW source separa-
tion. The national solid waste management plan of 2014 also provides for source separation un-
der goal 2 and public education for awareness raising on the importance of source separation 
under goal 7 providing the necessary commitment and necessary for source separation at na-
tional level. The composition of the MSW generated in Harare eases source separation due to 
the high content of biodegradable waste and recyclables. In addition, the LHV of the MSW gen-
erated in Harare makes it amenable to incineration with energy recovery hence separation of bi-
odegradable fraction potentially increased the LHV thereby increasing incineration efficiency. 
However, the absence of legislation and directives specifically for biodegradable waste man-
agement is not a welcome development as its source separation will drive the interest on its 
composting and anaerobic digestion to produce a biofertiliser that could be used in the agricul-
tural sector. Anaerobic digestion of the biodegradable MSW fraction will also produce biogas a 
form of renewable energy. The non-utilization of food waste constituting 38% of annual waste 
in Harare is a lost energy and material recovery opportunity.   However, the national solid waste 
management plan is silent on anaerobic digestion of MSW despite it being one of the strategies 
proposed under the national climate change response strategy and the Low Emissions Develop-
ment strategy (LEDs) within Nationally Determined Contributions (NDCs) of the Paris Agree-
ment. Reliable and accurate data on per capita generation of recyclable, reusable and biode-
gradable MSW fractions is lacking. Source separation of MSW will aid the development of 
reliable inventory data. The enactment of legislation for mandatory MSW source separation 
needs to be pursued. Local authorities are failing to provide households with MSW receptacles 
evidenced by the reported mere 23% of the households with receptacles surveyed by EMA 
(2016). In addition, municipal authorities do not have the equipment and technical expertise. It 
is therefore necessary to undertake initiatives towards tooling the local authorities with adequate 
resources to effectively plan and develop a sustainable integrated MSW management system in 
Harare.  
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